data were zero-inflated (i.e., an excess frequency of zeros in the dataset; ΔAIC = 74.6).
182
Therefore zero-inflated negative binomial models were used to explore the effects of covariates 183 on parasite abundance and the probability of a false zero, or the absence of parasites due to 184 design, survey, or observation error (Zuur et al. 2012 The effects of covariates month, season, and river system (all categorical) on force-of-246 infection were investigated using log-linear models such that:
247
(2) λ( ) = 0 ( ) . 
261
Results are presented as the mean or estimate ± standard error. 
RESULTS

265
Anguillicoloides crassus infection and disease in glass eels
266
A total of 1480 glass eels were collected from all six sites ranging in total length from 47.3 to 267 77.5 mm (mean: 57.6 mm ± 0.103). Adult and larval nematode counts in glass eels were D r a f t 268 combined and yielded an overall infection prevalence of 3.2%, mean nematode abundance per 269 eel of 0.047 ± 0.009 (range: 0-10), and mean infection intensity of 1.46 ± 0.195. Only glass eels 270 collected in the Potomac and Rappahannock rivers were infected (Table 1) . Glass eels had higher 271 infection levels of the larval stage of A. crassus (prevalence: 2.5%, mean abundance: 0.039 ± 272 0.009, mean intensity: 1.57 ± 0.25, range: 0-10) compared to the adult stage (prevalence: 0.8%, 273 mean abundance: 0.008 ± 0.002, mean intensity: 1 ± 0, range: 0-1). The probability of infection 274 by larval and adult nematodes combined increased with the length of glass eels ( Figure 2 ). The
275
TL with a 0.5 probability of being infected was 78.3 ± 2.8 mm. Furthermore, only the more 276 advanced pigment stages of glass eels were found to be infected with larval and adult A. crassus, 277 and only the highest pigment stages of 5 and 6 showed any swimbladder damage. Overall, 278 minimal swimbladder damage was found with only seven glass eels having scores greater than 0 279 (mean SDI: 1.14 ± 0.143).
D r a f t 291 A total of 973 yellow eels were collected across all four river systems and all three 292 surveys. Total length of these individuals ranged from 60.0 to 700.0 mm (mean: 285.9 mm ± 293 3.71). Adult nematode prevalence was 46.2%, mean abundance per eel was 1.35 ± 0.079, mean 294 intensity per infected eel was 2.92 ± 0.136, and average SDI was 2.44 ± 0.055. Yellow eels from 295 the Potomac River showed the highest prevalence (55.2%), whereas those from the 296 Rappahannock River exhibited the highest mean abundance (1.53 ± 0.13) and mean intensity 297 (3.09 ± 0.22). Those from the James River displayed the highest average SDI (2.3 ± 0.08), 298 although mean differences between sites was again small (Table 1) . As with elvers, there was 299 substantial variation among individuals in infection intensity and disease, such that infection 300 intensity in yellow eels ranged from 0 to 28 nematodes and the full range of SDI scores (0-6) was 301 observed.
303
Parasite abundance 304 The full zero-inflated negative binomial with river system, season, TL, and SDI as 305 covariates for both the zero-inflated and count components of the model received the most 306 empirical support (i.e., lowest AIC score; Table S1 ), had a dispersion parameter value close to 307 one (1.16), and the Pearson residual versus fitted value plot showed this model fit the data well. When comparing parasite abundance (Table 2) (1.37x10 -3 ± 4.42x10 -4 ). However, due to zero-inflation, the relationship between TL and 320 predicted parasite count was dome-shaped; the exception being both the Potomac River across D r a f t 336 This model indicated that increasing TL was associated with an increase in the odds of 337 having a more damaged swimbladder (0.004 ± 0.001, Figure 4 ). As such, the longer an eel, the 338 more likely it has a more damaged swimbladder. Also, the overall trend between parasite 339 abundance and swimbladder damage was a positive relationship. The parasite abundance Age-dependent force-of-infection models received more support than age-invariant 361 models when fitted to prevalence of swimbladder damage data (Table 4 ). The model with the 362 most empirical support was the log-logistic with month pairs and the mortality term, though 363 several other models were within three AIC units (Table 4 ). Across hazard models parameterized 364 with the same set of covariates, inclusion of the mortality term lowered the AIC for all except for 365 the Gompertz models (Table 4 ). Additionally, the combination of month pairs and the morality 366 term resulted in the lowest AIC value within each set of hazard models, excluding the Gompertz 367 hazard models (Table 4 ). The unit hazard ratios (i.e., proportional difference in force of 
392
This conclusion is also supported by finding mostly larval stage nematodes in glass eels in our 393 study, although Hein et al. (2015) found only adult nematodes. This difference could be due to 394 sampling location-glass eels in our study were caught in more brackish downstream sites (with 395 the exception of our Potomac sites) where they were most likely first exposed to A. crassus, and 396 eels collected in the South Carolina study were caught further up-river allowing more time for 397 infection by larval A. crassus and develop into adults (Hein et al. 2015) . Our analyses also 398 indicated that season, size, and age differences in susceptibility, transmission, and mortality 399 could be drivers of observed in variation of infection and disease for elver and yellow eels. Eels likely do not accumulate more damage in the spring because they are not becoming re-474 infected in the winter due to dormancy and lack of feeding (Kennedy and Fitch 1990) as 475 indicated by the lower FOI in March/April. 476 Importantly, the FOI model indicated that there is lower annual survival of eels with 477 moderate to severe swimbladder damage compared to those with very low or no damage. This 524  525  526  527  528  529  530  531  532  533  534  535  536  537  538  539  540  541  542  543  544  545  546  547  548  549  550  551  552  553  554  555  556  557  558  559  560  561  562  563  564  565 
